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Abstract 
 
One of the current problems of building planers and energy consultants is that the currently applied standards for the 
calculation of the energy performance of residential houses is inappropriate to estimate the individual user´s future 
energy consumption. This paper presents an investigation of 35 houses and their inhabitants. To get information about 
the energy consumption related user behaviour, questionnaires for these parameters were designed. The data obtained 
by the investigation was taken as input for a new prediction model. The validation of the model was done by 
comparison of the measured and the calculated energy consumption. 
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1. Introduction 
 
In the public discussion about the building energy performance certificate and the effectiveness of retrofitting 
measures the currently often large difference between the estimated and actual energy consumption is one of the 
biggest problems for planers and consultants. Instead of providing individual results the target of applied Austrian 
standards is to deliver comparable parameters for the rating of the thermal building performance. For a cost optimal 
and individual solution for retrofitting scenarios and new buildings an unerringly estimation of the energy performance 
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is needed. The currently applied methods of the Austrian energy certification delivers unintelligible results for 
customers because of the lacking consideration of the individual energy related user behavior. This paper presents an 
adapted method to estimate the delivered energy for space heating and domestic hot water. Relevant parameters in 
context of energy related user behavior are identified during the investigation and are combined into a description of 
the behavior in terms of their impact on the energy consumption of residential buildings. To gather the information 
for the calculation of this parameters the users were asked to fill out questionnaires. The questionnaires covered 
ventilation behavior, thermal comfort parameters, user demographics, lighting and hot water consumption. 
Additionally to the enquiry, data loggers were placed in the living rooms and the bedrooms of all the 35 houses, to 
gather information about the favored climate conditions of the users, with respect to air temperature. In this paper 
following behavioral aspects will be addressed: 
 
x Window ventilation user behavior 
x Indoor air temperature 
x Domestic hot water consumption 
x User demographics 
x Usage of energy efficient electrical appliances 
 
The investigation of the user behavior with questionnaires, interviews and data loggers were done during a one year 
period. Over this period, two questionnaire rounds about the energy related user behavior were carried out. The 
individual bills for the delivered amount of gas were collected over a three-year period as data foundation for the 
delivered energy consumption. 
 
2. Investigated residential estate 
 
This paper presents an investigation of 35 almost identical detached houses and their users. The construction type of 
all detached houses is a timber frame construction with additional external thermal insulation. The houses have the 
same thermal envelope and differ only in orientation and existence of a basement. The different Building Types and 
their amount in the residential estate are listed in Table 1. All building have the same heating system and no mechanical 
ventilation system. The domestic hot water and the floor heating system are supplied be a central gas boiler. 
 
(a) 
 
 
 
 
 
 
 
 
 
Figure 1 (a) Aerial shot of the hwowuwsin.ggoaorgelae;.c(obm), (c) pictures of the investigated residential estate 
 
The amount of inhabitants, of one residential building, varies between one and five persons. The location of the 
residential estate is on the border of Vienna in Austria. 
 
Table 1 Types and orientation of the buildings in the investigated residential estate 
 
Orientation / Building Type no 
basement 
unconditioned 
basement 
conditioned 
basement 
North - South 3 8 6 
East West 6 8 4 
(b)
(c)
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3. Method 
 
3.1. General 
 
The standardized model for the estimation of the energy performance according to the Austrian building regulations 
follows the monthly balanced method according to ISO 13790:2008. The different input parameters for the description 
of the user behaviour and climate are in the standardized model obtained from ÖNORM B 8110-5:2011. The adapted 
model also follows the monthly balance method from ISO 13790:2008 with different user behavior related input 
parameters which are calculated based on data which was gained through interviews with and surveys about the users. 
Both models calculate the amount of the delivered energy over a one-year period. A comparison between the 
parameters used in the standardized model and the adapted model is listed in Table 2. Both models transfer the 
calculated energy demand for space heating and domestic hot water into a delivered energy consumption estimation 
by an energy expenditure factor. This factor includes all system losses and is assumed to be equal for every building. 
 
Table 2 Comparison between the Austrian standardized calculation fundamentals and the adapted presented model for the energy 
demand for space heating and hot water demand 
 
 
Calculation fundamentals Standardized Calculation Adapted Calculation 
Outdoor climate Standardized climate Measured outdoor climate 
Internal gains qi=3.75 W/m² Metabolic heat from occupants, measured electric 
power consumption 
Hot water energy demand wwwb=35 Wh/m²d Calculated by user behavior related questionnaires 
Infiltration losses and 
ventilation 
nFl  = 0.4 h-1  Blower door measurements, user behavior related 
window ventilation 
Set point temperature 20°C Measured indoor climate 
 
 
 
All required parameters for determining the delivered energy for space heating and domestic hot water have been 
calculated using the OIB-Richtlinie 6 and ÖNORM B 8110-5:2011. The parameters determined to be mentioned in 
the context of the adapted model are shown in Table 2. The following points describe the calculation of the parameters 
differing from the standardized model and show how to calculate them in respect to the additional information from 
user interviews and user surveys. 
 
3.2. Outdoor Climate 
 
For the adapted model only the outdoor temperature profile is needed to calculate the monthly average outdoor 
temperatures. For one year during the investigation the outdoor temperature profile was measured on site via data 
loggers. The other yearly outdoor temperature profiles were obtained by linear interpolation of two different in 
Vienna measured data sets. 
 
3.3. Heat transfer coefficient – ventilation 
 
The heat transfer coefficient for the ventilation losses is separated in the three parts infiltration, window ventilation 
and mechanical ventilation. All parts are calculated by estimation of the volume flows caused by the different physical 
phenomena described in the following section. After calculating all ventilation flow fractions, the product of the 
summation of all flows and the volumetric heat capacity of air forms the heat transfer coefficient in the adapted model, 
described in equation (1) according to EN ISO 13790:2008, 
 
LV     0,34  V& inf   V& open   V& tilted   V& mech,vent  (1) 
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H
LV Ventilation heat transfer coefficient in W/K 
V& inf Infiltration volume flow in m³/h 
V&open Air volume flow through opened windows in m³/h 
V& tilted Air volume flow through tilted windows in m³/h 
V&mech,vent Effective volume flow through mechanical ventilation in m³/h 
 
Infiltration 
As described in the introduction the ventilation losses due to infiltration are needed, to calculate the overall heat 
transfer coefficient for ventilation losses. Due to the fact that the timber frame construction type is very vulnerable in 
terms of air tightness the infiltration losses were measured through differential pressure measurements in all houses 
according to ISO 9972:2006 and the n50 - values were carried out. In the adapted model the infiltration losses are 
calculated with the n50 - values according to ISO 13790:2008. For estimating a correct n50-Value in the planning phase 
further investigations, which are not part of this paper, have to be made. 
 
Window ventilation 
The formula (2) allows the calculation of the airflow through a ventilation opening. This formula according to 
ÖNORM B 8110-3:2012 allows the calculation of the air volume flow through an opened window caused by the 
temperature difference between outside and inside. 
 
V&    C 
ref 
A   (2) 
V& Air volume flow through ventilation opening in m³/h 
Cref exchange coefficient; 
A Area of the ventilation opening in m² 
H Height of the ventilation opening in m 
'T Air temperature difference between outside and inside in K 
 
With formula (2) a volume flow per hour is known. Because windows are not opened, the whole time formula (3) is 
needed to calculate the equivalent volume flow for the monthly balance over all opened windows. 
 
 
Wopen,j V&   ¦ nw,j nw,jV&open,j  (3) 
open j 60 
V&open Equivalent air volume flow through window opening in m³/h 
nw,j Number of windows with one type j 
Wopen,j Open Time of window type j in min 
nopen,j 
V& open,j 
Amount of window openings per window type j per day 
air volume flow through window opening with window type j in m³/h 
Analog to formula (2) and (3) the volume flow through tilted windows are calculated, but with a different ventilation 
area. Using the information, gathered by the user surveys about which windows are opened in which position and for 
how long, the volume flows through all windows are calculated and summarized. To get an idea about the reliability 
of this information, it was validated by analyzing the data logger acquired indoor air temperature and relative humidity 
trends. 
'T 
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i
3.4. Internal gains 
 
Based on the information gathered in the survey how many persons are present for how long, the equivalent internal 
gains caused by persons in the building are calculated by formula (4). Due to the assumption that all electric energy 
in the building is transferred to heat energy, the internal gains caused by electrical appliances are estimated through 
the measured electric energy consumption of the users. The electric energy consumption over the investigated years 
was gathered during the user interviews. 
n h Qi , persons   80 t ¦7 24 (4) 
i  1     

Qi , persons 
hi 
Monthly internal gains caused by inhabitants in Wh 
Amount of hours per week with person i present 
t Amount of hours per month 
 
 
 
3.5. Indoor air temperature 
 
Because of the lacking user possibilities to influence the diversity of parameters describing the thermal comfort the 
focus in this paper was reduced to the indoor air temperature. In the investigated estate, the indoor air temperature is 
the only thermal comfort parameter that can be directly influenced by changing the room thermostat set point 
temperature. Therefore, the questionnaires asked the users about their set point temperature in the different living 
spaces. The investigation shows that a differentiation between sleeping, hygiene and living spaces is necessary to 
guarantee the attended result accuracy. The mean indoor air temperature in the model is calculated by averaging the 
set point air temperatures in the various living spaces given by the questionnaire answers. This average is weighted 
by the size of the different spaces. To get an idea about the reliability of this information, it was validated by analyzing 
the indoor air temperature trends recorded by the distributed indoor data loggers. The results of the questionnaires and 
the monitored data showed a good correlation and a variance of comfortable indoor air between 19°C and 24°C. 
 
 
3.6. Domestic hot water energy demand 
 
In the measured amount of delivered energy, it was not possible to divide between the energy consumption for the hot 
water demand and the energy consumption for space heating. To get an idea about the individual domestic hot water 
energy demand, information about shower and bath frequencies was gathered by questionnaires. In addition to this 
information, Table 3 shows the hot water output types considered in the model and the questionnaires. To calculate 
the required energy consumption for domestic hot water it is assumed that the cold water must be heated by an average 
of 50 Kelvin, in order to meet the desired hot water temperature. The daily hot water demand is determined as follows: 
 
 
n 
hwd  ¦  HWO    m 
 
 
 
 
 
HWO 
 
(5) 
HWO 7 
Daily hot water consumption l/d 
Amount of hot water outputs per week 
hot water consumption in l per hot water output 
Table 3 Hot water demand of different hot water output types 
 
mHWO 
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4. Results 
 
Figure 2 shows the comparison between the measured delivered energy consumption per year and the results of the 
standardized and the adapted model. Figure 2 (b) represents the result, which a standardized Austrian energy 
performance certificate would give. The recognizable horizontal lines in the data set show that for one building type 
the result from the standardized model is always the same, caused by the non-individual user consideration. The wide 
spread over this horizontal line shows the variation caused by the influence of the different user behaviors. Figure 2 
(a) shows again results from the standardized model but with the measured outdoor climate as input. It is shown, that 
the in this case general underestimation of the standardized model with standard climate can be avoided, but there is 
also a wide spread over the results. Figure 2 (c) shows the comparison between the, by the adapted model, calculated 
and the measured delivered energy for space heating and domestic hot water. 
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Figure 2 (a) Comparison between the results of the standardized model (with 
measured climate) and the measured delivered energy for space heating and 
domestic hot water 
 
(b) Comparison between the results of the standardized model (with 
standardized climate) and the measured delivered energy for space heating 
and domestic hot water 
 
(c) Comparison between the results of the adapted model and the measured 
delivered energy for space heating and domestic hot water 
5. Conclusions 
 
It is shown that a monthly balance method is able to deliver qualitative estimations of the user related individual 
energy performance of residential buildings without any cooling and ventilation systems, if the model is able to 
calculate the energy consumption for space heating and domestic hot water with respect to the individual user 
behavior. The paper shows which parameters could be the important user behavior related parameters a planer or 
energy consultant needs to think about to design cost optimal new buildings or evaluate retrofitting scenarios. 
Although not every presented parameter can be prior known, individual planning values can be designed during the 
planning phase and fitted to the future user. 
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